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Maternal Cigarette Smoking and Invasive
Meningococcal Disease:

A Cohort Study Among Young Children
in Metropolitan Atlanta, 19891996

Hussain K. Yasuf, MBBS, MPH, Roger W. Rochat, MD, Wendy 8. Baughman, MSPH,
Panl M. Gargiullo, PhD, Bradley A. Perkins, MD, Mary D. Braniley, MPH, and

David §. Stepherns, MD

Neisseria meningitidis is a major cause
of bacterial meningitis and septicemia in
the United States. Approximately 2600
cases of meningococcal disease occur
annually in the United States, and attack
rates are highest among young children.™
The disease is often devastating; case-fatal-
ity rates range from 10% to 15%. Survivors
may have long-term sequelae such as
hydrocephalus and mental and physical
handicaps." In the United States, most
meningococcal disease occurs sporadically
and is caused by organisms of capsular
serogroups B, C, Y, and W135."** The cur-
rently available polysaccharide meningo-
coccal vaccines do not offer protection
against serogroup B meningococci and are
poorly 1mmun0gemc in children younger
than 2 years, * Identification of groups at
high risk for disease and identification of
modifiable risk factors for invasive
meningococeal disease are important for
developing effective prevention strategies
for this illness,

In recent years, at least 7 studies in
Norway, BEngland, and the United States
have reported a link between exposure to
tobacco smoke and meningococcal dis-
ease.5'? These studies have suggested that
passive exposure of children to cigarctte
smoke increases their likelihood of acquir-
ing invasive meningococcal disease sever-
alfold. We report here the results of a
cohort study to determine the association
between cigarette smoking during preg-
nancy and other maternal and infant char-
acteristics and the risk of developing spo-
radic invasive meningococcal disease
during early childhood. In this study, we
assumed that women who smoked during
pregnancy continuned to do so after giving
birth, thereby exposing their children to
cigarette smoke.

Methods
Data Sources and Subjects

We used a retrospective cohort design in
which the past characteristics of the cohort
were identified and their subsequent disease
experience was reconstructed to the present.
The occurrence of sporadic meningococeal
disease in a cohort of children born in the
metropolitan Atlanta, Ga, area (Clayton,
Cobb, DeKalb, Douglas, Fulton, Gwinnelt,
Newton, and Rockdale countics) was recon-
structed up to the completion of the child’
third year of life or the end of the study
period {September 31, 1996). We used Geor-
gia’s birth certificate database to identify all
children born to mothers residing in the met-
ropolitan Atlanta arca between January 1,
1989, and December 31, 1993, The death cer-
tificates of all children 3 years and younger
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who died through September 31, 1996, were
linked to the corresponding birth certificates.
Initial linking was based on last names and
birth dates of children, and further matching
and validation were done by children’s first
names, mothers’ maiden names, and fathers’
last names. The birth and death certificates
were matched for more than 90% of the eligi-
bie children. Data from prospective surveil-
lance for invasive meningococeal disease’
were used to identify cases of invasive
meningococcal disease in these children.
Cases of meningococcal disease were linked
to the birth—death file by matching first and
last names and date of birth. Children for
whom information was missing were
excluded from analysis.

The study cohort consisted of 283 291
children who were assumed to have resided
in metropolitan Atlanta throughout the study
period. The duration of follow-up was
defined as the period between birth and diag-
nosis of meningococcal disease for children
who developed the disease; the period
between birth and death for children who
died during follow-up without developing
meningococcal disease; and the period
between birth and September 31, 1996, or
the third birthday, whichever came first, for
the rest of the cohort, Children whose birth
certificates were not matched to either death
certificates or surveillance records for
the meningococeal disease group were
assumed to be alive and not to have devel-
oped meningococcal disease.

Identification of Cases

A case of invasive meningococcal dis-
ease was defined by the isolation of N menin-
gitidis from either the blood or the cere-
brospinal fluid of the patient, Isolates were
serogrouped by standard laboratory tech-
niques. Cases were identified as part of a lab-
oratory-based surveillance project for
meningococcal and other invasive bacterial
infections in metropolitan Atlanta,” ¥ an
area with 32 hospitals and a population of
2344514 (1990 census). Initial case reports
were oblained from hospital laboratories and

infection-control practitioners. Laboratories
were audited every 6 months to identify unre-
poried cases and validate reported cases.
Medical records of all audited patients were
also reviewed.

Information Regarding Infant and
Maternal Characteristics

Characteristics of infants and mothers
were obtained from the birth certificate data
file. Selected infant characteristics included
sex, birthweight (<2500 g, 22500 g), and ges-
tation at birth (<37 weeks, 237 weeks),
Assessed maternal characteristics included
age at delivery (<20 years, 220 years), race
(White, Black, other), education (<12 years,
212 years), marital status (married, not mar-
ried), and smoking of cigarettes during preg-
nancy (yes/no; if yes, the number of ciga-
reites smoked daily), The birth certificate and
Georgia Medicaid claims databases were
linked to determine the source of payment for
prenatal care and delivery (Medicaid or other
source), These variables were chosen because
they may be confounders of an association
between maternal smoking and sporadic
meningococcal disease among children.

Analysis

Age-specific incidence was determined
by the number of cases per total person-years
of follow-up for each year of age. Univariate
relationships between selected infant
and maternal characteristics and invasive
meningococcal disease were assessed by
using the Fisher exact test. Variables found to
be significantly associated with invasive
meningecoccal disease were entered in a
multivariate model. To account for variable
lengths of follow-up, Cox proportional haz-
ards analysis was used to identify indepen-
dent associations between selected risk factors
and meningococeal disease. The proportional
hazard assumption was assessed praphically
by the SAS procedure LIFETEST and by a
test for the interaction between maternal
smoking and time since the infants birth.!”
Models were fitted by means of the SAS

TABLE 1—Incldence of Invaslve Meningococcal Disease by Age of Infant:
Metropolitan Atianta, Ga, 19891996

Maternal Smoking and Meningococcal Discase

procedure PHREG. Potential interactions
between maternak race and maternal smok-
ing during pregnancy and between maternat
race and maternal education were alse
assessed. Because no cases occurred in chil-
dren of mothers whose race was classified as
“gther;” information from children of White
women and Black women was used in haz-
ards analysis.

Results

Fifty-five cases were identified, Two
cases were in children born oudside metro-
politan Atlanta, and these cases were
excluded. Four cases could not be linked to
births in the study area or in Georgia, per-
haps because of migration into the study area
from another state, Information on maternal
smoking during pregnancy was not available
for these children. Information on maternal
smoking during pregnancy or maternal edu-
cation level was missing for 2 other cases.
After we made these exclusions, we ana-
lyzed data from 47 cases.

Serogroup B N meningitidis accounted
for 17 of the 47 cases (36%); 10 cases (21%)
were serogroup C, 5 cases {11%) were
serogroup Y, and | case (2%) was serogroup
W135. Serogroup information was not avail-
able for 14 cases. Meningitis was diagnosed for
18 cases (38%). Four of the 47 cases (9%) died
of meningococeal disease. No meningococcal
disease outhreaks or secondary cases were
noted in metropolitan Attanta during (he study
period, The age-specific incidence was highest
for children 1 year or younger (Table 1),

The proportion of children who acquired
invasive meningococcal disease did not differ
significantly by sex, gestation at birth, abnor-
mal conditions, or mother’s race, bul several
variables were significant in univariate analy-
ses (Table 2). The proportion of children
acquiring meningocaceal disease was greater
for teenaged mothers than older mothers
(0.04% vs 0.01%, P= 003); unmarries! moth-
ers than married mothers (0.03% vs 0.01%,
P = 008); mothers whose prenatal care and/or
delivery was paid for by Medicaid than moth-
ers whose prenatal care and/or delivery was
paid for by another insurer (0.03% vs 0.01%,
P =002); mothers with fewer than 12 years of
education than mothers with more than 12
years of education (0.04% vs <0.01%,

Age Interval No. of Porson-Years  No.of Ingidence Rate” P =.00001); and mothers who reported smok- .
of Children, y Children of Follow-Up Cases {95% Confidence Interval) ing during pregnancy than mothers who '2
0—1 284 291 270 761 36 12.8(9.3,17.8) reported not smoking during pregnancy : ,
1-2 270191 248 985 § 2.0(0.8,4.8) (0.05% vs 0.01%, P=.00001). !
2-3 228 534 207 692 6 29(1.3,84) Among children of White mothers, the o

proportion acquiring meningococcal dis- P
ease was significantly higher for those P
whose mothers were young, not married,

“Incldence of invasive meningococcal disease per 100 DGO parson-years.
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TAELE 2—Univariate Relation Between Selected Infant and Maternal Characteristics and Invasive Meningococcal Disease:
Metropolitan Atlanta, Ga, 1989-1996
Al Children (n = 283 291) White Children (n= 163 501} Black Children {n =110 770)
No. of Na. With Meningo- No, of No. With Meningo- No,of  No.With Meningo-
Characteristic Children  coccal Disease (%)  Children  coccal Disease (%) Children  coccat Disease {%)
Sex of child
Female 138 367 18 {0.01) 79 5086 13 (0.02) 54 480 6 {0.01}
Male 144 924 28 (0.02) 83 995 18 {0.02) 56 290 10 (0.02)
Birthweight, g
<2500 23 397 6 (0.03) 8137 4(0.04) 13 664 2 (0.01)
22500 259 894 41 (0.02) 154 364 27 (0.02) 97 106 14 (0.01)
Gestation at birth, wk
<37 29 517 7 {0.02) 12 893 4 (0.03) 15 962 3(0.02)
=37 253 774 40 (0.02} 150 608 27 {0.02) 94 808 13 (0.01)
Abnormal canditions in newborn®
Yes 10 460 3 (0.03) 5196 2 {0.04) 5024 1{0.02)
No 272 831 44 {0.02) 168 306 29 (0.02) 105 748 15 (0.01)
Mother's race
White 163 501 31 (0,02)
Black 110 770 16 (0.01)
Otherfunknown 9020 0 (0.00)
Mother’s age at delivery, y
<20 34 308 13 {0.04) 12 580 10 {0.08)° 21 367 3(0.01)
=20 248 893 34 (0.01) 150 951 21 {0.01) 89 403 13 (0.01)
Mother's marital status
Married 191 614 23 (0.01)° 140918 18 (0.01)* 42 708 5 (0.01)
Not married 91677 24 (0.03) 22583 13 (0.06) 68 062 11 (0.02)
Mather received Medicald
Yos 76 712 23 (0.03) 25834 17 (0.07)° 40 069 6 (0.01)
No 206 579 24 (0,01) 137 667 14 {(0.01) 61711 10 (0.02)
Mother's education, y
<12 48 668 21 (0.04) 23 766 16 (0.07)% 23 280 5(0.02)
=12 234 623 26 (0.01) 139735 15 {0.01) 87 490 11 (0.01)
Mother smoked durlng pregnancy
Yos 29 267 16 (0.05) 19 883 11 (0.08)% 9234 5 (0.05)*
No 254 024 31 (0.01) 143618 20 (0.01) 101 536 11 (0.01)
Propartions of children acquiring meningococcal infection are significantly different between at least 2 levels of the characteristlc {Fisher exact
test, P < .05).
bAbnormal conditions diagnosed in the newborn included anemia, injury during birth, fetal alcohol syndrome, respiratory distress syndrome,
meconium aspiration syndrome, seizures, and other or unclassified conditions,

received Medicaid, or had fewer than 12
years of education (Table 2). For children
of White mothers and African American
mothers, the proportion acquiring
meningococeal disease was significantly
increased by maternal cigarette smoking
during pregnancy.

Cox proportional hazards analysis
indicated that children of mothers who
smoked during pregnancy were 2.9 times
more likely to acquire meningococeal dis-
ease than were children of mothers who did
not smoke during pregnancy (Table 3). No
significant interaction between race and
maternal smoking status was found in
determining risk for meningoceccal dis-
ease (data not shown). In addition, exami-
nation of maternal smoking as a time-vary-
ing covariate (data not shown) indicated
that the association between maternal ciga-
rette smoking and risk for meningocoecal
disease did not significantly differ
(P=.552) between a child’s first year of
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life and the second and third years of life.
After the effect of smoking during preg-
nancy was accounted for, no significant
dose-response relation between the num-
ber of cigarettes smoked and risk for
meningococcal disease was found (data not
shown}, Compared with children of moth-
ers with 12 or more years of education,
children of mothers with fewer than 12
years of education were 2.1 times more
likely to acquire meningococcal disease.
Although interaction between race and
maternal education level was significant in
determining the risk for meningococcal
disense (data not shown), the number of
cases was too small to allow reliable deter-
mination of risk by race.

The fraction of meningococcal disease
attributable to exposure to cigarette smoke
(for which maternal smoking during preg-
nancy was a proxy)} was similar for all chil-
dren, of both White mothers and African
American mothers (Table 4).

Discussion

Our findings are consistent with the
results of previous studies®™" and indicate
that exposure to maternal cigarette smoking
is a risk factor for sporadic meningococcal
disease in young children. The rate of inva-
sive meningococcal disease was 5 times
higher for ¢hildren of mothers who reported
smoking during pregnancy than for children
of mothers who did not smoke during preg-
nancy. This relation persisted when children
of White mothers and children of African
American mothers were examined separately.
Maternal cigarette smoking during preg-
nancy was also independently associated
with invasive meningococeal disease in mul-
tivariate analysis. After factors reflecting
social and economic status were adjusted for,
children of mothers who smoked during
pregnhancy were 2.9 times more likely to
acquire invasive meningococcal discase than
were children of mothers who did not smoke

May 1999, Vol. 8%, No. 5
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TABLE 3—Associations of Selected Infant and Maternal Characteristics to
Invasive Menlngococcal Disease In Early Childhood: Metropolitan

Characteristic Risk Ratio® 95% Confldence Interval
Mother's age, y: <20 ve 220 {reference) 1.62 0.71,3.26
Mother's race: White vs Black (relerence) 1.8 0.87, 3.58
Mother received Medicaid 1.54 (.80, 2.99
Mother married 070 0.33, 1.46
Mothar smoked during pregnancy 293" 1,52, 5.66
Mother's education, y: <12 vs 212 (reference) 2,07" 1.02, 4.20

for other characieristics In the table.

3Risk Ratio estimated by Cox proportional hazards model. All characteristics are adjusted

TABLE 4—Attributable Fraction of invasive Menlngococeal Disease Among
Children Due to Maternal Cigaretie Smoking During Preghancy:
Metropolitan Atlanta, Ga, 1989-1996

Fraction Attributable to Maternal Smoking®

All children
Children of White mothers
Chitdren of African Amerlcan mothers

0.26
0.28
0.25

®Attributabla fraction was calculated with the following formula: atiributable
fraction = [(incidence amang all children in the cohort) — (incidence among children of
mothers who did not smoke)} / {incidence among all children in the cohort],
incldence = number of cases per 100 000 psrson-years.

during pregnancy. Approximately one quarter
of invasive meningococcal disease among
children could be attributed to passive expo-
sure to cigareite smoke,

Several case—control studies®'? have
linked exposure to cigaretie smoke with inva-
sive meningococeal disease. In one study in
fhe United Kingdom, children younger than 5
years who were exposed to cigarette smoke at
home were 4.5 times more likely to acquire
meningococcal disease than were controls.’®
These differences remained statistically sig-
nificant even after control for social class. A
dose—response relation was found between
the number of cigarettes smoked at home and
the likelihood of invasive meningococcal
disease, Fischer et al, have reported that dur-
ing an outbreak of serogroup B disease in the
Pacific Northwest among children younger
than 18 years, cigarette smoking by the
mother was the strongest independent
risk factor (odds ratio = 3.8) for invasive
meningococeal disease.?

Mechanisms that may determine the
increased risk of meningococeal disease as
a result of cigarette smoke exposure include
the deleterious effects of cigarette smoke on
mucosal infegrity and the immune system.”
Cigarette smoke depresses respiratory
mucus secretion and bronehial ciliary activ-
ity and may reduce the effectiveness of the
respiratory mucosa to act as a protective
barrier against bacterial pathogens.®"**°

May 1999, Vol. 89, No, 5

Exposure to cigarette smoke adversely affects
macrophage activity and neutrophil func-
tion**** and may indirectly increase the risk
for meningococeal infection by predispos-
ing children to vital vespiratory infections,™
Concurrent viral upper respiratory tract
infections have been linked to meningo-
coceal disease.* " Several studies have
implicated cigarette smoking as a risk factor
for increased nasopharyngeal carriage of
N meningit‘r’dis.”'29”3(’ Therefore, children
exposed to smokers may have a high likeli-
hood of exposure to the pathogen, a high
rate of carriage acquisition, or prolonged
carriage of N meningitidis.

The age-specific incidence we found
(highest for infants 1 year and younger) was
consistent with previous reports that
meningococcal attack rates are highest dur-
ing the first year of life."? The incidence
among 1- to 2-year-old and 2- to 3-year-old
children (2.0 and 2.9 per 100 000 person-
years, respectively) were also congistent
with previous estimates."” National esti-
mates for annual incidence of meningococ-
cal disease for people of all ages is about 1
in 100 000 persons,™*® Qur finding that
serogroups B and C accounted for most
cases was also consistent with national esti-
mates reported close to or during the time of
our surveillance,"*’

Although meningococcal disease has
been reported to have a higher incidence

Maternal Smoking and Meningococenl Dhisease -

among males than females and among
Blacks than Whites,** we found no signifi-
cant association by sex oT race. Previous
studies have reported an association between
low socioeconomic status and meningococ-
cal disease®®*537 because of an increased
likelihood of acquiring meningocaceal infec-
tion through fhctors such as increased house-
hold crowding and poor nutrition. ¢4 The
level of educational aifainment is commonldy
used as a proxy for sociocconomic status. :
In our cohort, low maternal education level
was independently associated with increased
risk for invasive meningococeal disease for
young children. Young maternal age at deliv-
ery, being an unniarried mother, and receiv-
ing Medicaid are also associated with low
socicecaonemic status, and in our cohort these
factors were univariately associated with
meningococcal disease in all children and in
children of White mothers,

One limitation of this study is that the
number of cases of invasive meningococcal
disease was small, considering the breadth of
the study population. We did not account for
out-migration from the study area and may
have missed counting some meningococcal
cases. However, because the incidence of the
disease was very low and the median follow-
up duration for most children was 3 years
(most cases occurred within the first year of
life), moveinent of participants out of the
study area is unlikely to have strongly influ-
enced our findings. Another limitation is that
cigarette simoking by the mother during preg-
nancy was identified through sell-reported
information acquired from birth certificates.
A total of 10.3% of all mothers were reported
to have smoked during pregnancy, and the
rate was higher among White mothers than
Black mothers (12.2% vs 83%), Using data
from a postdelivery mail survey of a sample
of women who gave birth in Georgia, epi-
demiologists recently cstimated that about
34% of women who smoke during pregnancy
do not have this fact documented on the
childs birth certificate.™ In addition, under-
reporting of smoking may be grealer among
Black women and women with higher educa-
tion levels.*? However, underreporting of
maternal smoking would bias the pelential
association between smoking and meningo-
coccal disease toward the mll,

Because we could not directly measure
the passive exposure of children to cigarette
smoke, we assumed that mothers who
reported simoking during pregnancy continued
to smoke after giving birth, Studies have
shown that most women who smoke at any
time during pregnancy do so throughout preg-
nancy, and among those who quit smoking
during pregnancy, most relapse shortly after
giving birth.”™* Relapsers who report they
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did not smoke during pregnancy would
decrease the apparent magnitude of the identi-
fied risk between passive tobacco smoke
exposure and meningococcal disease. Thus, a
concerned mother may stop smoking during
pregnancy and be reported as a nonsmoker,
but she may resume smoking after delivery
and unknowingly place her infant at increased
risk for invastve meningococeal disease. These
findings, in addition to the fact that adverse
health effects during infancy can result from
exposure to cigaretie simoke in utero,46 suggest
that our findings are valid. Fusther, this study
did not account for the exposure of children to
cigarette smoke from persons in the household
other than the mother.

One strength of our study is that all resi-
dent cases of invasive meningococeal disease
were identified through a laboratory-based
active surveillance system, and periodic
audits were used to optimize the accuracy of
detection. Studies have shown that, compared
with passive surveillance systems, laboratory-
based active surveillance for meningococcal
disease is more accurate and able to identify
twice as many cases. " The use of bitth cer-
tificate data allowed the examination of sev-
eral infant and maternal characteristics; the
reporting accutacy of a number of these has
already been evaluated. Our study illusirates
how the linking of information from birth and
death certificate databases to data from a pop-
ulation-based surveillance system for disease
can be used to follow a birth cohort, For low-
incidence diseases, this methodology may
provide a simple, low-cost, yet powerful
approach for asscssing population-based rates
by selected characteristics, computing telative
risks, and examining trends. Moreover, this
methodology permits an cfficient approach to
evaluating the effect of strategies to reduce
risk factors such as maternal smoking and any
changes in their association with meningo-
coccal or other disease.

Maternal smoking dwing pregnancy has
been associated with several adverse health
effects on the fetus and infant, including pre-
maturity, low birthweight, and sudden infant
death syndrome.*® Studies have shown (hat
passive exposure to cigarette smoke increases
a child’s susceptibility to various infec-
tions. ™' Our findings support recent reports
linking exposure to cigarctte smoke with
increased risk for invasive meningococeal
disease in young children, and they add to the
impetus for promoting smoking cessation
among pregnant women and mothers. Health
care providers and the general public need to
be informed that cigarette smoking may be a
strong risk factor for meningococeal disease.
Smoking prevention can form an integral
part of efforts to prevent meningococeal dis-
case. At least 2 Web sites (University of Tli-
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nois at Urbana and National Meningitis Trust
Fund) provide information on meningitis pre-
vention and indicate that avoidance of expo-
sure to cigarette smoke may reduce the risk
for acquiring the disease, Because the associ-
ation between exposure fo cigarette smoke
and invasive meningococcal disease has
implications for public health, this research
should be replicated in other geographic
areas where meningococcal disease surveil-
lance is oceurring, [
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